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Modeling the Climate System
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CCSM: The NCAR Climate Model
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Climate of the last Millenniurm

"Medieval Warmperiod" 2
equiv. max-temperature
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FPaleo-CS5M 1.4 (solar scaled to Lean at al. 1995, and IPCC AZ2)
Proxy-Reconstruction (Jones et al. 1998)

Instrumental Record (Jones et al. 2003)
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CSM-Natural forcings only:
0.5 - 0.7°C colder than
observations over 1990s:

This would represent the largest
deviation from observations
over the Millennium

Caspar Ammann
NCAR/CGD
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IPCC A1B  Sfc Air Temperature 2030-1990

IPCC A1B  Warm Nights 2030-1990
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IPCC A1B  Precipitation 2030-1990

\ Precipitation at 2030
Averages and Extremes
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Future Change.: Abrupt Transitions in Sea Ice
1990-19488 Avg SEFT aice 2010-2019 Avg SEPT aice 2040-2049 Avg SEFT aice
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Climate Change Epochs

IPCC AR4

» Attribute sources of historical warming
* Project range of possible non-mitigated
future warming from SRES scenarios

» Quantify climate change commitment

* Project adaptation needs/stresses under
various mitigation scenarios
» Time-evolving regional climate change
on short and long-term timeframes
* Quantify carbon cycle feedbacks

a) \ , ©9= concentrations | , b) €O, equivalent Concentrations
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.- Space mlrrors (Wood, Angel)

. ngh Altitude Sulphur |nject|ons

* Seeding stratocumulus clc%!,E
to brlghten clouds '

» Sequestration of CO2

e Iron Fertilization,

We are not proposing that geo-engineering be carried out!
We are proposing that the implications should be carefully
explored.

Puil Rasch NCAR



Mt Pinatubo eruption in thePHilippines, June 15, 1991™Gases and solids*Tjected 20 kKm int§*the stratosphere.
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Glb Avg Temperature (°C)

NCAR CCSM3 Geoengineering Run

stratospheric sulfate aerosols added via volcanic input
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Solar Irradiance (W/m2)

Solar Irradiance :
Latest Reconstruction and GeoEngineering
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NCAR CCSM3 Geoengineering Run

Maintaining A2 TS at commitment level by reducing solar irradiance
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Question: These geoengineering approaches bo?h Involve “dimming” the sun. What is
the impact on global food production of a 1% decrease in incoming solar radiation



CCSP 2.1a Mitigation Simulations
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a) Surface air temperature anomalies (°C) b) Precipitation anomalies (%)

Non-mitigation 2080-2099 relative 1o 1880-1999 Non-mitigation 2080-2099 relative to 1980-1999




ASO sea-ice extent
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IPCC ARS Timeline

NCAR CCSM4
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CCSM4 & IPCC ARS Estimated Timeline

o« Aug 06 Aspen Global Change Institute Workshop design Coordmated Stabilization Experlments
o Oct 06 Working Group on Coupled Models [WGCM] CSE proposal Approval
Sep1'07 o WGCM meetlng Formalpze CSE desgn : -
Sep19'07 ¢ IPCC scenarios workshop (Amsterdam) - Propose benchmark stablllzatlon scenarios
Mar1'08 o Flnallz&benchmark stablllzatlon scenarios :

Jun 107
Jan1°08

Jun 1'07 ¢ CCSM4 stage 1 (v3.5) frozen

ARS: Assume 6-year offset of these AR4 dates

Data to PCMDI: 31 May 2005
Papers submitted: 31 May 2005
Papers accepted: 15 Dec 2005
SPM Released: Feb 2007

Mote” A 6 year offset will significantly reduce
model development time for new capabilities

+ :Jun 08 CCSM Workshop

Jun 23 '08 . Aspen GCI decadal prediction session, finalize AR5 experiment design
Sep 1'08 & IPCC 29th Session, Geneva, Finalize IPCC ARS timeline
Sep 22'08 ¢ WGCM Paris: approve experimental demgn for coordinated decadal and Iong term experiments

Mar 2 '09 ¢ IPCC WG1 Hawaii: science directions for AR5 and final vettlng of new RCP scenarios

Mar ﬁ '09 4 RCP Delivered to GCM community

Prototype near term experiments (1980-2030)

CCSM4 development

CCSM4 Stage 2 Complete

Sep 30'08
Oct1'08 . CCSM4 Stage 3 Validation
Jan1'09 Finalize CCSM4 Components
Jan1°'09 CC3M4 1000yr Control

Jun 109
Jun 109
Jul 1'09

Jan 1
Jan1'10

Mar 1 '10
May 110

Runs start

Feb1'10

Sep1'10 4 RCP Ensemble runs Done

Low emissions scenarios (NCAR/INREL/PNNL Collaboration)

C5M4 Release at 2009 CC SM Workshop
CCSM4 ARS5 sensitivity/test runs
Prepare Scenario Data

ARS5 Historical runs

Dec 3110 % Runs Finish

IPCC ARS Near-term Hi-Res Scenario Runs
IPCC AR5 Long Low-Res stabilization Runs

Jun 1'11 % All Data Submitted

Jun1'11 o_F'_aper_Submisﬂoh Deadline
Dec 1511 %

PaperAccepted Deadline

Feb 2013 IPCC AR5 Release ¢




MSE?3 Climate Topics Summary

Modeling and DO | ot | o
- - S ten-year vision 1o use exascale computing to
Simulation at the revolutionize gOE’s approaches to energy, en\eiron?nental
Exascale for sustainability and security global challenges.
Energy and the
Environment Exascale systems provide and unprecedented opportunity for
science to use computation not only as an critical tool along with
theory and experiment in understanding the behavior of the
'l fundamental components of nature but also for fundamental
e L7k discovery and exploration of the behavior of complex systems with
’ billions of components including those involving humans.
Co-Chairs:

Horst Simon
Lawrence Berkeley National Labori atary
April 17-18, 2007 =
Thomas Zacharia S Ll
Oak Ridge National Labamrory -
May 17-18, 2007 4/"

Rick Stevens e

Argonne National Laboraro (S5 o Ecmmi; rr_mdals-wi‘hell Mas n'mysu:nrsrmaﬂ.rhmmam -
May 31-June 1, 2007 " . rﬂ\‘ ’ Many paiicyinstrumant (twes, tariffs, quotas, CAFE, CCE tares), nonlinear policies, .
/ Ly High spafial resciuiion inland use, et

Detailed coupling & faedhacks with cimate madals

Optinization of polcy irstuments & technologychoices over ime and with respect o uncetainy
Detalled modsl vaidation & carell| deta analyss

Trearnent ofechrologeal Innovaton industia competion, popu ator changes, migraton, aic,

Petascale
—  Ecormmic irredels wilh insie countl es, secla's, inconms gioups
—  Limited treameart of uncerainty, business syele rsk
—  Syonger cospling with climate modeis
Terascale
Economic modak with 0 countries & <10 sectors
Lim fesed soupding with climate modeks
Mo treaiment of urcenaity and busiess ol ik
Smiple M pac: anass tora imbed set of s:enams
Limiliadd ablly 0 proviche auantialve moloy scdvice

Download complete MSE® Report at
http://www.er.doe.gov/ASCR/ProgramDocuments/TownHall.pdf



HPC dimensions of Climate Prediction

New Science Better Science

(new processes/interactions
not previously included)

ra

parameterization — explicit model)
‘\ Timescale

Spatial
Resolution ‘ LN _
(simulate finer details, (Length of simulations
regions & transients) \ * time step)
Ensemble size  Data Assimilation

(quantify statistical properties of simulation) (decadal prediction/ initial value forecasts)

Lawrence Buja (NCAR) / Tim Palmer (ECMWF)




HPC dimensions of Climate Prediction

New Science Better Science

ESM+multiscale GCRM
Spatial
Timescale

ol 4N \V/

= v =
Earth System Model
Resolution
AN 2\

00 r*?

Ensemble size Exascale pata Assimilation

Lawrence Buja (NCAR)




T42 2.8° & 310k <'PCC AR3<
| M 1998 Global
300
General
Atm/Ocn
Circulation
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5 200 Continental Scale
@ Flow
» SCCARA Carbon Cycle
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Lawrence Buja (NCAR)







CCSM at 72 ° ATM 1/10°OCN
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Courtesv Dr. David Bader. PCMDI/LLNL/DOE



New CCSM Components for IPCC AR5
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IPCC ARS (2013) Scenarios

The current model development timeline anticipates CCSM4
in 2009 in time to participate in the next set of internationally
coordinated mitigation scenario experiments in 2009-2010 for
a 2013 IPCC ARS5 publication date

1. IPCC “Classic +” Mitigation Scenarios:

100 & 300-year climate change simulations

Medium resolution

Core “required” + optional Tier 1 and Tier 2 simulations

Carbon, Nitrogen & Biogeochemical cycles

4 Representative Concentration Pathways (RCPs) from IAM community
Quantify investment return of mitigation strategies

2. New Climate Change “Adaptation” Simulations:

Short-term (30-year) climate predictions

Single scenario

High-resolution (0.5° or 0.25° resolution)

Designed for impacts, policy and decision making communities.



RCPs in perspective — CO, emissions
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Coupled carbon-cycle
climate models only

CMIPS5 Long-term Experiments

ensembles

E-driven
RCP8.5

1%/yr CO, (140 yrs)

abrupt 4XCO, (150 yrs)
fixed SST with 1x & 4xCO

Carbon cycle
sees 1XCO2
1% or RCP4.5)

All simulations except t
“E-driven” are forced b
prescribed concentrati

NC

N\



CMIP5 Decadal Predi

Additional predictions
Initialized in
‘01,°02,°03 ... 09

ability/Prediction Exps

prediction
with 2010
Pinatubo-like
eruption

Alternative
initialization
strategies

Initialized hindcast
& predictions, O(3)

30 year
Initialized hindcasts

extended

ensembles
to O(10)

prescribed

regional
air quality




Earth System Grid Center for

Enabling Technologlss (

| 7 Office of
5— Science

LS. DEPARTMENT OF ENERGY
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* Petabyte-scale data volumes

* Globally federated sites

« “Virtual Datasets” created through
subsetting and aggregation

 Metadata-based search and discovery

* Bulk data access

* Web-based and analysis tool access

* Increased erxibiIity and robustness

http: // Stemgrid*org

//www pcmdl IInI'“"“ov

Primary ESG Servers

Mass storage,
disk cache,
and computation

PMEL:
applications

NCAR: Climate
change
prediction and
data archive

LBNL/NERSC:
Climate
data archive

/

LLNL: Model f 8
diagnostics and
inter-comparison

USC/ISI:
Globus, grid

)

=
Web and applications-
based access to
management, discovery,
analysis, and
visualization

ANL:
Globus

and grid
applications

ORNL:
Simulation
and climate
data archive

applications, and Cllmate and ocean

metadatabases data archive

From: Earth System Grid Center for Enabling Technologies: (ESG-CET)



2~ JS(GS Briefing on Results:

science forachangingworld | JSGS Science Strategy to Support U.S.
Fish & Wildlife Service Polar Bear
Endangered Species Listing Decision:
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National Center for Atmospheric Research
More than Meteorologists....

Oceans

eg=lee— - -
Hydrology




Thanks!  Any Questions?




TS (Globally averaged surface temperature)

Probablistic Climate Simulations

Stage 1. 1870 control run: 1000 years with constant 1870 forcing: Solar, GHG, Volcanic Sulfate, O3

Stage 2. Historical: 1870-2000 run using time-evolving, observed, Solar, GHG, Volcanoes, O3

Stage 3. Future Scenarios: 4 2000-2100 IPCC Scenarios from end of historical run

A12100

A1B 2100

3. Future Scenarios B1 2100

2. Historical

1. 1870 control

[e]

Years
1000



I'S (Globally averaged surface temperature)

Deterministic Climate Prediction

2030

3. Future Scenario
% % (Da% !Elx.ésstl?ﬁiﬁ?ljion)
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g g 1. 1965 Spin-up
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